Quantitation of vascular endothelial growth factor mRNA levels in human breast tumors and metastatic lymph nodes.
In situ hybridization analysis provides a means to qualitatively study the heterogeneity of primary tumors and metastases based on the types of genes transcribed. In this study, we have tested some parameters for quantitative analysis of in situ hybridizations with paraffin-embedded human breast tumors and measured mRNA levels for the angiogenic protein, vascular endothelial growth factor (VEGF). VEGF mRNAs were highly tumor specific, with the highest levels near necrotic regions within the tissues (0.1 to 2.7 dpm/mm2). Normal cells within the tissue sections did not have detectable levels of VEGF mRNA. For comparison, tumor levels of c-myc (4 to 46 dpm/mm2) and glyceraldehyde-3-phosphate dehydrogenase mRNAs (48 to 214 dpm/mm2) were measured. The mRNAs for both of these genes were more broadly expressed across the tissue sections. The hybridization pattern for VEGF mRNAs was consistent with hypoxia-induced VEGF mRNA steady-state levels and supports the hypothesis that oxidative stress regulates VEGF expression in breast tumors.